Abstract Correctly estimating the effect of elevated CO 2 (eCO 2 ) on biomass production is paramount for accurately projecting agricultural productivity, global carbon balances and climate changes. Plant physiology suggests that eCO 2 should result in a strongly positive CO 2 fertilisation effect (CFE) via positive effects on photosynthesis and water use efficiency. However, the CFE in CO 2 experiments is often constrained because of other factors of which rainfall pattern is particularly important. Here, we apply a generally applicable, empirically derived relationship between the CFE and an index of seasonal rainfall balance (SRB), to identify how historical and projected future rainfall patterns modify the CFE using 25 native grassland sites in south-eastern (SE) Australia as a test case. We found that historical and projected rainfall produced SRBs that varied widely from year-to-year resulting in a CFE that was only positive in about 40% of years, with no or even negative biomass responses in the remainder of years; a finding that is in marked contrast to other studies that have not taken account of relationships between rainfall seasonality and plant responses to CO 2 . The dependence of the CFE on SRB also means that using the CFE from a specific eCO 2 experiment can be misleading as the result will be heavily influenced by the SRB during the period of experimentation but this problem can be avoided by using a robust general relationship of the kind used in this study. Generalisations of grassland biomass responses to the rising CO 2 concentration are contextual in terms of the variability in precipitation seasonality; as such, this provides a new lens by which to view aboveground responses to the rising CO 2 concentration and fosters a novel approach for cross-site comparisons among experiments.
Introduction
Because the photosynthetic rate of most plants is not saturated under current conditions, it is generally believed that the rising concentration of carbon dioxide (CO 2 ) in the atmosphere will stimulate plant growth and biomass production (Drake et al. 1997; Morgan et al. 2004a ). Furthermore, stomatal aperture reduces as CO 2 concentration increases, reducing evapotranspiration rates and preserving soil moisture (Drake et al. 1997 ). This CO 2 -related water saving effectively extends the growth period in sites with periodic water limitation (Morgan et al. 2004b; Nelson et al. 2004 ). Together, these processes lead to the CO 2 fertilisation effect (CFE), whereby biomass production increases as the CO 2 concentration rises (Drake et al. 1997; Long and Drake 1992) . The magnitude of the CFE and its potential controllers have been studied for several decades. Field experiments in crops, forests and grasslands using both chambers and free-air CO 2 enrichment (FACE) to elevate CO 2 concentrations have shown that the mean biomass production is indeed increased by exposure to higher concentrations of CO 2 (Jongen and Jones 1998; Navas et al. 1997; Owensby et al. 1993; Polley et al. 2003) . This stimulation of biomass production, however, varies substantially in magnitude among sites (Ainsworth and Long 2005; Lee et al. 2010; Morgan et al. 2004b ) and in some situations is absent altogether (Reich and Hobbie 2013; Reich et al. 2014) . Further, the CFE varies from year to year in many experiments (Hovenden et al. 2014; Morgan et al. 2011; Morgan et al. 2004b; Owensby et al. 1993) . Vegetation type (Campbell et al. 1995; Fay et al. 2015; Hall et al. 1995; Langley and Hungate 2014; Langley and Megonigal 2010; Midgley and Thuiller 2011; Polley et al. 2012; Wand et al. 1999) , nutritional status (Reich et al. 2006a; Reich et al. 2006b ) and other factors such as association with mycorrhizae (Terrer et al. 2016 ) all influence the magnitude of the CFE (Polley et al. 2011) . However, despite several meta-analyses and reviews accounting for the influence of these potential drivers of the CO 2 response, there is still substantial unexplained variation in the CFE among experiments and even from year to year within single experiments. This presents a major challenge for climate change impact studies in agriculture (Polley et al. 2011 ) as the CFE is often the most influential factor in these assessments (Finger et al. 2010; Gornall et al. 2010; Lobell and Field 2008; Wiltshire et al. 2013) .
Increasingly, variability in water availability has been recognised as a controller of the CFE, particularly for explaining the sometimes large interannual variations in CFE within experiments (Morgan et al. 2004b; Nowak et al. 2004) . Indeed, several studies have shown that the magnitude, and even the sign, of the CFE can be influenced by water supply at particular times of year (Dijkstra et al. 2010; Hovenden et al. 2014; Morgan et al. 2011) . Interannual variation in the CFE and the importance of fluctuation in water availability are more substantial in herbaceous vegetation than in forests because deep-rooted, woody plants are able to access groundwater and are therefore less reliant on the availability of water in the upper soil horizons. Thus, the impact of variation in rainfall on the CFE is more pronounced in grasslands. If, as seems increasingly to be the case, the CFE in grasslands is strongly dependent upon prevailing climatic conditions (Andresen et al. 2017; Hovenden et al. 2014; Morgan et al. 2011; Obermeier et al. 2017) , then the mean CFE obtained from an experiment will depend upon the climatic conditions during the experiment, affecting the extrapolation of experimental results. Syntheses and meta-analyses of climate change impact studies routinely derive a mean response and extrapolate this finding to predict an average change in the future. If, however, an experiment's mean response is totally dependent upon the climatic conditions during the period of measurement, then the extrapolation would only be valid for projections involving those particular climatic conditions and would likely be inaccurate if the climatic conditions were different. This has real and profound ramifications for extrapolating experimental results to future conditions, particularly since climatic patterns are predicted to change.
If it were possible to derive the drivers of interannual variation in the CFE, such relationships could be used to improve the extrapolation of experimental results because those results would be less context-dependent than a simple mean averaged across the experimental period. Just such an analysis was presented for a decade-long CO 2 field experiment in Tasmania, Australia (TasFACE; Hovenden et al. 2014) . The large interannual variation in CFE in this experiment was well explained by differences in seasonal rainfall distribution among the years; the CFE was high in years with substantial summer rainfall and low or even negative in years in which more rain fell in spring and autumn. Specifically, the mean CFE over a 9-year period was 13.9% but varied from − 45 to + 90% and this variation was almost totally controlled by the difference in the amount of rain that fell in summer and that which fell in the immediately preceding spring and autumn (Hovenden et al. 2014 ). This Bseasonal rainfall balance^varied from − 80 to + 45 mm and explained over 90% of the annual variation in CFE (r 2 = 0.91, F 3,55 = 16.5, P < 0.005). Applying this strong, positive linear relationship indicates that years in which the seasonal rainfall balance is greater than approximately − 50 mm, and rainfall is therefore summer-dominated, will have a positive CFE, while years in which the seasonal rainfall balance is below that (i.e. rainfall is spring/autumn dominated) will have no or negative CFE (Hovenden et al. 2014) . The derivation of this relationship between the annual seasonality of rainfall and the annual CFE allows the potential biomass response to elevated CO 2 to be tested under various climatic scenarios.
Here, we use the existing relationship derived from the TasFACE experiment to examine the case of the CFE of south-eastern Australian native grasslands. Specifically, the aim of this study is to determine whether the seasonality of rainfall during the period of the TasFACE experiment is typical of the long-term rainfall patterns at the site and at similar grasslands across south-eastern Australia and whether future rainfall patterns are likely to be conducive to a positive impact of rising CO 2 concentration on biomass production. To do this, we used historical rainfall data from the TasFACE study site and from a range of native grassland sites throughout south-eastern Australia. We also made use of high-resolution, daily weather projections created by the Climate Futures for Tasmania project (Corney et al. 2013 ) to test whether rainfall seasonality is likely to change in the future, thus altering the potential for stimulation of biomass production by the rising CO 2 .
2 Materials and methods 2.1 The derivation of the SRB~CFE relationship and historical rainfall at the TasFACE experiment site
The TasFACE experiment was a factorial experiment in which [CO 2 ] and temperature were manipulated in native grassland. Site, experimental design and system performance are detailed elsewhere (Hovenden et al. 2006; Hovenden et al. 2008; Hovenden et al. 2014 ), but briefly, TasFACE was a 2 × 2 factorial experiment that exposed twelve 1.5-m diameter plots to either ambient or elevated (550 μmol mol −1 ) CO 2 that were either unwarmed or warmed by 2°C using infrared heaters. CO 2 control was by pure-CO 2 free-air CO 2 enrichment technology (Miglietta et al. 2001) . The experiment ran from 2002 until 2011 with year round manipulation of both temperature and [CO 2 ]. As SE Australian grasslands experience substantial summer drought, peak growth occurs during spring and early summer. Thus, biomass was harvested annually in late summer after the growing season had ended. Analysis of the results demonstrated that the impact of eCO 2 on biomass production could be described by a three-factor model that included the seasonal rainfall totals from the preceding autumn, spring and summer (Hovenden et al. 2014 ). The annual CFE was inversely and linearly proportional to both spring and autumn rainfall but it was directly proportional to summer rainfall (Hovenden et al. 2014) . Increases in spring and autumn rainfall reduce the likelihood of growth benefits from CO 2 -related water savings, which explains the negative relationship between CFE and rainfall in these periods. The situation differs in summer since rainfall in this and many other systems tends to occur in isolated, heavy events. In this case, growth stimulation by eCO 2 will occur because water savings lengthen the growing period from any single rainfall event. In between these summer downpours, eCO 2 will have little effect because the supply of water generally limits growth (Norby and Zak 2011 ). An increase in the frequency of summer downpours increases the potential for increased growth, and therefore, the eCO 2 effect will increase with increasing summer rainfall. Each millimetre of summer and autumn rainfall had similar, but opposite, impacts on the CFE, whereas each millimetre of spring rainfall had approximately half of the impact of rainfall in autumn and summer. Thus, the annual CFE was closely approximated (r 2 = 0.90, P < 0.0001) by the BSeasonal Rainfall Balance^(SRB) for that year, which we calculated as the difference between summer rainfall and the sum of autumn and half of spring rainfall (Eq. 1; Hovenden et al. 2014) .
We applied this relationship to historical rainfall data from Pontville, the site of the TasFACE experiment. We calculated seasonal rainfall balance annually using long-term daily rainfall records from 1910 to 2015 for the Australian Department of Defence Pontville Small Arms Range Complex, where the TasFACE experiment was sited. We analysed the frequency distribution of the SRB and calculated the annual and mean CFE using the relationship in Hovenden et al. (2014) , with full data analysis details given in section 2.4.
Site selection and rainfall record
To test the generality of the patterns found at the TasFACE site, we selected 25 additional sites across south-eastern Australia that support native grassland (Fig. S1 ). Sites were chosen to represent the geographic range of native grassland in the south-east of the continent, excluding arid rangelands and high-altitude grasslands, which are unlikely to be well represented by the TasFACE experiment. Sites were chosen based on similarity of community composition with the TasFACE site using maps of native grasslands generated using the Atlas of Living Australia (2017). Specifically, all areas for which the integrated vegetation class was defined as BNative grasslands or minimally modified pasture^were mapped using the Atlas of Living Australia Spatial Portal (http://spatial.ala.org.au). Regions were chosen from the map to represent the geographic range of native grassland areas in SE Australia and then specific sites were chosen from within those regions based on the accessibility of local, long-term, daily rainfall records from the Australian Bureau of Meteorology web portal (http://www.bom. gov.au/climate/data/). Once these 25 sites were chosen, the full species list for each site was downloaded individually from the Atlas of Living Australia using the Explore Your Area utility (http://biocache.ala.org.au/explore/your-area). The species list thus obtained included all known location records for all organisms and thus was refined to members of the family Poaceae. The species list for the TasFACE site was generated the same way. All sites were classified as being Rytidosperma-Themeda-Austrostipa grasslands based on the species lists and occurrence data (Figs S2, S3). Community composition was compared using hierarchical cluster analysis with group-averaging (Fig. S2 ) and non-metric multi-dimensional scaling using the Bray-Curtis similarity measure (Fig. S3 ) on presence/absence data. These analyses indicated that the species composition of the grassland sites selected formed a continuum with no clear outliers and a relatively high degree of similarity in species composition among the sites.
Daily rainfall data were downloaded from the Australian Bureau of Meteorology web portal (http://www.bom.gov.au/climate/data/). The mean duration of the rainfall record was 125.5 years, with all sites but one having longer than a century of daily rainfall data available (Table S1 ).
Future rainfall projections
Projections of future rainfall to the year 2100 were obtained using a dynamically downscaled regional climate model, the conformal cubic atmospheric model (CCAM), developed by the Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia. Five CMIP3 global climate models (ECHAM5/MPI-OM, GFDL-CM2.0, GFDL-CM2.1, CSIRO Mk3.5 and MIROC3.2 (medres)) were downscaled to 0.1°(~10 km) resolution by the Climate Futures for Tasmania project. We used rainfall projections for two combinations of representative concentration pathway (RCP) and socio-economic pathway (SSP), namely RCP 8.5 SSP3 and RCP4.5 SSP1, in order to determine how sensitive future rainfall seasonality might be to changes in emissions. These RCP/SSP combinations are equivalent to A2 and B1 emissions scenarios (van Vuuren and Carter 2014). As described previously (Corney et al. 2013; Harris et al. 2015) , these five models provide a good representation of the climate means and variability of SE Australia (Smith and Chandler 2010) . Downscaling these models dramatically improves their ability to simulate temporal climatic variation, greatly improving the realism with which the models capture climatic seasonality (Corney et al. 2013) . While a full account of the ability of the downscaled climate models' performance is beyond the scope of this paper and has been provided elsewhere (Corney et al. 2013) , in brief, the ensemble of downscaled models predicts mean monthly precipitation of the 0.1°grid squares with 86% accuracy, as opposed to the 28% accuracy of global climate models, thereby reliably simulating annual precipitation seasonality (Corney et al. 2013 ). The downscaled model ensemble also replicates the frequency distribution of gridded daily precipitation of the 1960-1990 periods with an agreement in excess of 80% and up to 88%, depending upon the grid square involved (Corney et al. 2013) . In order to test the ability of the downscaled models to replicate the seasonal rainfall balance, we compared the frequency distribution of the SRB at Pontville for the 1960-2015 periods using values calculated from actual daily precipitation records with those calculated from the simulations. The simulations reliably reproduced the frequency distribution of the SRB (Pearson's r = 0.804, t 11 = 4.48, P < 0.0009; Fig. S4 ), indicating that the downscaled model projections are fit to project likely future values of the SRB and hence of the CO 2 effect on biomass production. Full model projections are available through the Tasmanian Partnership for Advanced Computing (TPAC) portal (https://dl.tpac.org.au/tpacportal/).
Data analysis
Historical and projected rainfall data were analysed similarly, using R (R Development Core Team 2016). Daily rainfall data were summed to provide seasonal rainfall totals for each year. Seasons were defined as follows: autumn, 1 March-31 May; winter, 1 June-31 August; spring, 1 September-30 November; summer, 1 December-28/29 February. The year was thus defined to commence on 1 March since grasslands of SE Australia are subject to significant mid-to late-summer drought. For each site, only those years in which the rainfall record was interrupted by fewer than 5 days in any one season were used for the analysis. The seasonal rainfall balance was calculated according to Eq. 1. According to the decadelong results of the TasFACE experiment, CFE is positive only in years in which the SRB is greater (i.e. higher or more positive) than − 50 mm (Hovenden et al. 2014 ), so we assigned all years with an SRB greater than − 50 mm as being likely to support stimulation of biomass production by eCO 2 .
Results

Historical rainfall patterns at the TasFACE site
During the period of the TasFACE experiment (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , the seasonal rainfall balance (SRB) at Pontville (the location of the TasFACE experiment) ranged from~− 80 to~+ 50 mm, averaging − 29.4 mm. When the entire past century was considered, however, the long-term SRB at the site was an average of − 58.4 ± 10.8 mm, but the variation was very large, ranging between the extremes of − 336 and + 184 mm. The SRB was higher than − 50 mm in 40.0% of years (Fig. 1a) , which means that in 60% of years, there would have been no stimulation of biomass by eCO 2 , since a positive CFE is only likely in years with an SRB > − 50 mm. The reason for the large range in SRB was lack of synchronicity in seasonal rainfall at the site with summer rainfall being completely unrelated to the amount of rain that fell in the preceding spring (r 2 = 0.007, F 1,88 = The SRB, and hence the potential CFE, at Pontville declined over the first half of the twentieth century and then climbed from 1960 onwards (Fig. 1b) . Thus, the SRB during the periods of 1990 to 2010 was atypically high when compared to the past century of rainfall data, as there were almost no strongly negative SRB values between 1990 and 2010. Thus, the TasFACE experiment took place during a period in which the SRB was unusually high (Fig. 1b) . In fact, if the TasFACE experiment had taken place in any decade of the past century, there is only a 35.4% chance that there would have been a positive CFE observed (Fig. 1c) . The mean CFE extrapolated from the TasFACE experiment to the past century was − 19.8%, substantially lower than the actual mean CFE observed in the experiment of + 13.9%. The strongly negative values of some of the CFE projections (Fig. 1c) are unlikely to be correct since they involve extrapolation of the relationship derived from the results of the TasFACE experiment well beyond the range of observed SRB. However, the relationship is likely to saturate rather than reverse at SRB values outside the observed range, so the proportion of years in which a positive CFE was likely would remain unchanged.
Historical rainfall patterns across SE Australian native grassland sites
The large variation in SRB over time at Pontville was reflected across most of the SE Australian grassland sites (Fig. 2) . The mean SRB across all sites was − 76.3 mm but there was substantial variation among sites, ranging from an average SRB of − 190 mm at Trafalgar to + 29 mm at Nyngan. On average, the SRB across all sites was greater than − 50 mm in 38.2 ± 2.6% of years, a situation extremely similar to that at Pontville. Thus, eCO 2 would be expected to have increased biomass production across SE Australian grasslands in just over one-third of years (Fig. 2) , with the obvious corollary that in nearly two-thirds of years, there would be no increase in biomass production caused by eCO 2 .
While the majority of the SE Australian grassland sites had a similar proportion of years in which SRB was likely to allow a positive CFE ( Fig. 2; Table S1 ), some sites varied markedly from this average. The seasonal rainfall patterns at sites near the south coast of the Australian mainland were such that these sites had very few years in which eCO 2 would be likely to stimulate biomass production. This pattern was most notable at Trafalgar, where a positive CFE was possible in a mere 10.0% of years (Fig. 2) . In contrast, the SRB would allow a positive CFE in over 50% of years at Hillston, Goonumbla, Mudgee and Nyngan. A relatively high proportion of annual rainfall occurs in summer at these sites, which also tend to be among the warmest sites (Table S1 ).
There was some evidence from across SE Australia that the SRB has increased over time, perhaps most notably since the 1960s. This trend was evident in the Pontville data ( Fig. 1) but also was reflected in many of the sites (Fig. 3) as well as in the annual SRB averaged over all sites (Fig. S5) . There was variation among the sites in the SRB trend over time, but again, this was not related to variation among sites in either mean annual precipitation or mean SRB (Fig. 3) .
In order to determine whether the SRB appeared to be becoming more or less variable over time, we calculated the interannual change in SRB (ΔSRB) as the simple difference in SRB from the preceding year. The ΔSRB ranged hugely, indicating that the change in seasonality of rainfall tended to be an annual rather than longer-term process. There was no evidence of the SRB becoming more or less variable over time (Fig. S5 ).
Seasonality of projected rainfall across SE Australian native grassland sites
Similarly, the rainfall projections from the downscaled climate models do not show any strong alteration of the SRB over time, although there is a tendency for the SRB to decline gradually in the second half of the twenty-first century (Fig. 4) . While the models vary in their exact rainfall projections, they agree quite strongly on the proportion of years in which SRB is likely to give rise to a positive biomass response to eCO 2 , with a positive CFE being likely in 38.7 ± 1.45% of years (Fig. S6) , a figure remarkably similar to the mean historical value for SE Fig. 2 Frequency distribution of the seasonal rainfall balance (RF summer -(RF autumn + 0.5 RF spring )) among 25 SE Australian native grassland sites. The vertical dashed line in each panel indicates a seasonal rainfall balance of − 50 mm, the value above which a positive biomass response to eCO 2 occurred in the TasFACE experiment. The proportion of years in which the seasonal rainfall balance is greater than the cut-off is given in percentage on each panel. Sites arranged in order of increasing mean annual precipitation Fig. 3 Smoothed running average of seasonal rainfall balance (RF summer -(RF autumn + 0.5 RF spring )) over the past~120 years for 25 south-eastern Australian grassland sites. The horizontal dashed line indicates an SRB of − 50 mm, the value above which a positive biomass response to eCO 2 occurred in the TasFACE experiment. The shaded area is the 95% confidence interval of the mean. Sites are arranged in order of increasing mean annual precipitation Fig. 4 The projected seasonal rainfall balance (RF summer -(RF autumn + 0.5 RF spring )) for Pontville generated using a dynamically downscaled regional climate model, five global climate models (ECHAM5/MPI-OM, GFDL-CM2.0, GFDL-CM2.1, MIROC3.2 and CSIRO Mk3.5) and two different representative concentration pathway (RCP) and socio-economic pathway (SSP) combinations. The values shown are the annual mean SRB across all 10 model-RCP/SSP combinations Australian grasslands of 38.2 ± 2.6%. Further, the projected SRB was not sensitive to the particular RCP/SSP as each model gave a reasonably similar projection of the SRB, regardless of the particular scenario used (Fig. S6) . Thus, there was little indication from the climate model projections that the SRB at Pontville is likely to change substantially into the future and hence the CFE is likely to remain variable with a consequently low average value.
Concluding remarks
A robust estimate of the CFE is of central importance to impact studies as it frequently has the biggest effect on agricultural productivity projections of any of the global changes (Finger et al. 2010; Gornall et al. 2010; Lobell and Field 2008; Wiltshire et al. 2013) . Indeed, at the global scale, agricultural production is projected to decrease in all regions under climate change but increase in some cases when the CFE is included (Gornall et al. 2010; Parry et al. 2004; Wiltshire et al. 2013) . For example, rangeland forage production is projected to increase in some areas of the USA yet decrease in others because of the interactions between warming, altered precipitation and the CFE (Polley et al. 2013) . Unfortunately, the CFE is consistently identified as the least well-understood factor in impact studies (McKeon et al. 2009; Muller 2011; Rotter et al. 2011; Tubiello et al. 2007a; Tubiello and Ewert 2002; Tubiello et al. 2007b) .
In this paper, we have applied an empirically based function for calculating the CFE which takes account of differences in CFE expression depending on future changes in rainfall. We applied this calculation to native grassland in SE Australia. This is a region where there are already observed changes in rainfall (a decline in autumn-winter rainfall since the 1990s being identified with 'high confidence' in the IPCC 5th Assessment report) and where agricultural production is at high risk from future climate changes (Reisinger et al. 2014) . Previous estimates of the CFE for this region include the study of Moore and Ghahramani (2013) where the modelled estimate of the CFE for a doubling of CO 2 across 25 grassland sites in southern Australia was a range of 11-32% with a median value of 21% and Cullen et al. (2008) where modelling gave estimates of the CFE for SE Australian sites at 550 μmol mol −1 CO 2 of 24-29% for C 3 -dominated pastures, 17% for C 3 /C 4 mixed pastures and 9% for C 4 -dominated pastures. Our results suggest a CFE for these SE Australian native pastures that varies markedly among sites and among years within sites (Table S1 ). These results are consistent with experimental data for grasslands exposed to elevated CO 2 (e.g. Hovenden et al. 2014; Li et al. 2014; Morgan et al. 2011; Morgan et al. 2004a; Morgan et al. 2004b; Owensby et al. 1993; Reich et al. 2014) . Particularly striking is the frequency with which we predict a zero or even negative CFE which again is consistent with experimental experience (Hovenden et al. 2014; Reich and Hobbie 2013; Reich et al. 2014 ). Zero and negative responses to elevated CO 2 are responses that models find difficult to simulate (Fatichi and Leuzinger 2013; Li et al. 2014) but are a potentially critical factor for impact studies, as the inclusion of inter-annual and seasonal variation in forage supply gives markedly different results under climate change scenarios than just using a single average annual response (Fatichi et al. 2016; Lieffering et al. 2016; Moore and Ghahramani 2013) .
This study advances our understanding of the effects of elevated CO 2 and its implementation in impact studies in two ways. First, our analysis shows that simple mean values for experimental estimates of the CFE are sensitive to the weather under which they were collected. The historical rainfall record shows that large interannual fluctuations in SRB have occurred throughout the past 125 years and across the entirety of SE Australian grassland sites, ranging across an area of some 610,000 km 2 . Extrapolating the results of the TasFACE experiment without regard to the fluctuating SRB results in a far higher estimate of CFE than would be actually the case since the experiment occurred during a period of unusually high SRB. Second, our function allows us to make projections of the CFE taking into account anticipated changes in future rainfall patterns. Interactions between rainfall and the CFE are a critical factor in producing robust climate change impact studies (Reisinger et al. 2014 ).
In conclusion, our analysis shows that the unreliability of rainfall in SE Australian grassland sites means that the conditions required for a positive biomass response to eCO 2 occur in only~40% of years, which figure is reasonably robust across a large area of SE Australia. Projections of future rainfall indicate that this figure is unlikely to change markedly into the future. Finally, our analysis demonstrates that extrapolation of experimental results requires careful attention to the environmental conditions during the tenure of the experiment. Conclusions drawn from experiments without such consideration are unlikely to be accurate or robust.
